(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
9 October 2003 (09.10,2003) 




PCT 



llllillllllllllllllilllllllil 

(10) International Publication Number 

wo 03/083977 A2 



(51) iDternational Patent Classification^: HO IM 8/00 

(21) International Application Number: PCT/GB03/01348 

(22) International Filing Date: 27 March 2003 (27.03.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

0207313.8 



28 March 2002 (28.03.2002) GB 



(71) Applicant (for all designated States except US): INTEL- 
LIGENT ENERGY LIMITED [GB/GB]; Rolls House, 7 
Rolls Buildings, Fetter Lane, London EC4A INH (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (/or ?75o«/^: PEACE, Benjamin, 
Norman [GB/GB]; 54 Narrow Lane, Hathem, Leicester- 
shire LE12 5LH (GB). NEWBOLD, Anthony [GB/GB]; 



27 Avenue Road, Sileby, Leicestershire LE12 7PG (GB). 
HOOD, Peter, David [GB/GB]; 1026 Melton Rd, Syston, 
Leicestershire LE7 8NN (GB). 

(74) Agent: CHARIG, Raymond, J.; Eric Potter Clarkson, 
Park View House, 58 The Ropewalk, Nottingham NGl 
5DD (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ. BA. BB, BG, BR, BY. BZ, CA, CH. CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC. EE. ES. H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS. JP. KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV. MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, CM, PH, PL, PT, RO, RU, SC. SD, 
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ. UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM). 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 

[Continued on next page] 



(54) Title: FUEL CELL CQMERESSION-ASSE 




(57) Abstract: A fuel cell compression assembly pro- 
vides a method for applying and retaining compression 
to a fuel cell stack through the use of a fixed carriage 
into which the cells can be built directly. The assembly 
comprises: a carriage unit having at least two opposing 
side walls maintained in spaced relation by abase mem- 
ber extending therebetween at a lower position on the 
sides, the opposing side walls and base member thereby 
defining a cradle for receiving fuel cell plates, the op- 
posing side walls each including at least one engage- 
ment member on internal face for engaging with a top 
closure member forming the top of the carriage unit 
The closure member is adapted to close the carriage 
unit and apply pressure to the plates therein, by auto- 
matic locking engagement with the cradle when the clo- 
sure member is brought into position with the cradle in 
a first direction substantially orthogonal to the plane of 
the plates. 
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FUEL CELL COMPRESSION ASSEMBLY 



The present invention relates to electrochemical fuel cells, and in particular 
to methods and apparatus for assembly of a pluraUty of fuel cell plates into a 
5 fuel cell stack. 

Conventional electrochemical fuel cells convert fuel and oxidant mto 
electrical energy and a reaction product. A typical fuel cell comprises a 
plurality of layers, including an ion transfer membrane sandwiched between 
1 0 an anode and a cathode to form a membrane-electrode assembly, or MEA. 

Sandwiching tibe membrane and electrode layers is ain anode fluid flow field 
plate for conveying fluid fuel to the anode, and a calhode fluid flow field 
plate for conveying oxidant to the cathode and for removing reaction by- 
15 products. Fluid flow field plates are conventionally fabricated with fluid 
flow passages formed in a surface of the plate, such as grooves or channels 
in the surface presented to the porous electrodes. 

A typical single cell of a proton exchange membrane fuel cell will, under 
20 normal operating conditions, provide an output voltage between 0.5 and 1.0 
Volt. Many apphcations and electrical devices require high voltages for 
efficient operation. These elevated voltages are conventionally obtained by 
connecting individual cells in series to form a fuel cell stack. 

25 To decrease the overall volume and weight of the stack, a bipolar plate 
arrangement is utilised to provide the anode fluid flow field plate for one 
cell, and the cathode fluid flow field plate for the adjacent cell. Suitable 
flow fields are provided on each side of the plate, carrying fuel (eg. 
hydrogen, or a hydrogen rich gas) on one side and oxidant (eg. ak) on the 

30 other side. Bipolar plates are both gas impenneable and electrically 
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conductive and thareby ensure ejBBcient separation of reactant gases whilst 
providing an electrically conducting interconnect between cells. 

Fluids are conventionally delivered to each fluid flow field plate by way of 
5 common manifolds that run down the height of the stack, formed firom 
aligned apertures in each successive plate. 

The area of a single fuel cell can vary firom a few square centimetres to 
hundreds of square centimetres. A stack can consist of a few cells to 
1 0 hundreds of cells connected in series using bipolar plates. 

Two current collector plates, one at each end of tiie complete stack of fuel 
cells, are used to provide connection to ttie external circuit. 

15 The are a number of important considerations in assembling the fuel cell 
stack. Firstly, the individual layers or plates must be positioned correctly to 
ensure that gas flow channels and manifolds are in correct alignment. 

Secondly, the contact pressure between adjacent plates is used to form gas 
20 tight seals between the various elements in the manifolds and gas flow 
channels. Conventionally, the gas tight seals include compressible gaskets 
that are situated on the surfaces of predetermined faces of the plates. 
Therefore, in order to ensure proper gas tight sealing, an appropriate 
compression force must be applied to all of the plates in the stack, 
25 orthogonal to the surface planes of the plates in the stack, to ensure that all 
gaskets and sealing surfaces are properly compressed. 

Thirdly, a compressive force is essential to ensure good electrical 
connectivity between adjacent layers. 

30 
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At the. outer ends of the stack, substantially rigid end plates are usually 
deployed for the application of suitable compression forces to retain the 
stack in its assembled state. 

5 

A number of different mechanisms have been proposed which allow this 
compressive force to be applied and maintained. 

Conventional fuel cell stacks, such as described in US 3,134,697, deploy tie 
10 rods, which extend between two end plate assemblies, and pass through 
holes formed in the periphery of the end plates. These tie rods are commonly 
threaded and employ fastening nuts to exert and maintain a clamping force. 

Altemative configurations, such as described in US 6,057,053, use similar 
15 mechanisms, but the tie rods pass through the central portion of the stack, 
and hence active cells, within fluid manifolds or conduits. 

Hydraulic methods have been employed, such as described in US 5,419,980, 
where a pressurised fluid is used to apply a compressive force to the fuel 
20 cells via an expandable bladder or balloon. 

Clips, such as described in US 5,686,200, and compression bands, such as 
described in US 5,993,987, have also been proposed. 

25 A disadvantage of existing plate compression systems is that multiple 
elements are generally required to effect the compression across the entire 
surface areas of the plates, resulting in a complex assembly technique to 
ensure that plate alignment and imiform compression across the plate surface 
are maintained during and after the assembly process. 

30 
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It is an object of the present invention to provide a fuel cell stack assembly 
apparatus and method which are simple and cost effective to use. It is a 
further object of the present invention to provide a highly reUable, uniform 
compression to the plates in the stack. 

5 

The present invention provides a method for applying and retaining 
compression to the fuel cell stack through the use of a fixed carriage or 
firework into which the cells can be built directly. 

10 According to one aspect, the present invention provides a fuel cell 
compression assembly, comprising: 

a carriage unit havmg at least two opposing side walls maintained in 
spaced relation by a base member extending therebetween at a lower 

position on the sides, 
15 the opposing side walls and base member thereby defining a cradle 

for receiving fuel cell plates, 

the opposing side walls each including at least one engagement 
member on intemal face for engaging with a top member formmg the top of 
the carriage unit. 

20 

According to a further aspect, the present invention provides a fuel cell 
compression assembly comprising: 

a carriage unit cradle for receiving a stack of fuel cell plates and for 
maintaining the plates in substantially overlymg relationship; and 
25 a closure member adapted to close the carriage unit and apply 

pressure to the plates therein, by automatic locking engagement with the 
cradle when the closure member is brought into position with the cradle in a 
first direction substantially orthogonal to the plane of the plates. 
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According to a further aspect, the present invention provides a method of 
fonning a fuel cell stack comprising the steps of: 

providing a carnage nnit cradle for receiving a pluraUty of fuel cell 
plates into a confinement volume therein; 
5 installing said fuel cell plates into the cradle to form a stack; 

applying a carriage xaut closure member to compress the fuel cell 
.plates in a first direction substantially orthogonal to the plane of the plates 
and to engage the closure member with the cradle; 

the carriage unit providing automatic locking engagement of the 
10 closure member and the cradle when the closure member has reached an 
appropriate degree of compression of the plates. 

Embodiments of the present invention will now be described by way of 

example and with reference to the accompanying drawings in which: 
15 Figure 1 shows a cross-sectional front view of fuel cell carriage unit 

according to one embodiment of the present invention; 

Figure 2 shows a perspective front view of the fuel cell carriage unit 

of figure 1, with a reduced height; 

Figure 3 shows a perspective front and side view of an assembled fuel 
20 cell with side wall ventilation apertures; 

Figure 4 shows a perspective front view of an assembled fuel cell 

with front to back ventilation- 
Figure 5 shows a cross-sectional front view of the assembled fuel cell 

of figure 4; 

25 Figure 6 shows a front view of an alternative configuration of fuel 

cell in accordance with another aspect of the present invention; 

Figure 7 shows a face view of an exemplary side wall of a carriage 

unit; 

Figure 8 shows a cross-sectional front view of an exemplary carriage 
30 xmit; and 
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Figure 9 shows a detailed cross-sectional view of the locking 
members of a top member and side wall of the carriage unit of figure 8. 



Throughout the present specification, the descriptors relating to relative 
5 orientation and position, such as "Hop", 'Tjottom", "horizontal", 'Vertical", 
"left*', "right", "up", "down", "firont", "back", as well as adjective and 
adverb derivatives thereof, are used m the sense of an orientation of fuel cell 
assemblies as pictured in the drawings. However, such descriptors are not 
intended to be in any way limiting to an intended use of the fiiel cell 
10 assemblies, which may be used in any orientation. 

With reference to figures 1 and 2, a fuel cell compression assembly 10 
comprises a carriage unit cradle 11 formed from two opposing side walls 12, 
13 that are maintained in parallel spaced relation by a rigid base 14. Each of 

15 the side walls 12, 13 provides, on an internal surface 15 thereof, a plurality 
of parallel ribs or teeth 16 extending along the side walls parallel to, and at a 
number of predetermined distances firom, the base 14. Each of the ribs or 
teeth 16 is adapted to engage with corresponding ribs or teeth 19 formed in 
the sides of a rigid top member 18. The top member 18 acts as a closure for 

20 the carriage unit. 

In the configuration shown, each of the side wall ribs 16, and the 
corresponding top member ribs 19, has an asymmetric profile as best seen in 
the detailed cross-sectional profile shown in figure 9. The profile as shown 
25 for each tooth or rib includes a re-entrant (overhanging) edge 90 and a more 
gently sloping profile edge 91 to ensure secure engagement and wedge lock 
of flie top member 18 with the respective side walls 12, 13. 



6 



wo 03/083977 PCT/GB03/01348 

It will be appreciated from figure 9 that the profile of the ribs 19 on the top 
member 18 are preferably matched by a complementary profile of ribs 16 on 
each of the side walls 12, 13. 

5 As shown in figures 1 and 2, the width of the top member 18 is selected 
equal to the width of the base member 14 such that the side walls are 
maintained in precise parallel spaced relation once the ribs 16 and 19 are 
engaged. 

10 The side walls 12, 13 of the carriage unit 11 are formed firom a suitable 
sKghtly resilient material, such as aluminium, such that the side walls 12 and 
13 may be temporarily laterally displaced from one another as the top 
member 18 is inserted in a downward vertical direction towards the base 
member 14, into the cavity 20 defined by the carriage unit, allowing passage 

15 of ribs 16 and 19 over one anoiher as the top member moves in the 
downward direction. Preferably, the resiUence of the side walls allows for a 
lateral displacement at least by as much as the height of the ribs. 

It will be appreciated that the preferred profile of the teeth or ribs 16 and 19, 
20 as shown in the figures, ensures that return of the top member in an upward 
direction is not possible. The preferred profile of the teeth or ribs 16 and 19, 
ie. re-entrant, also ensures that any upward pressure on the top member 
actually results in a tighter binding of the top member and side walls 
together by means of a wedge lock action. 

25 

Thus, it can be seen that the cradle 11 and top closure member 18 provide 
automatic locking engagement between the cradle and the closure member 
when the closure member is brought into position with the cradle in a first 
direction substantially orthogonal to the plane of the plates. 
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Preferably, the top member and the bottom member are formed in a suitable 
rigid material ua which substantially no flexing, or insufficient flexing to 
interfere with the satisfactory operation of the engagement mechanism as 
described above, is permitted. In the preferred embodiment, the top member 
5 18 and the base member 14 are formed from aluminium having a suitable 
box section cross-braced profile 21 as illustrated in figures 1 and 2, or more 
preferably, the profiles 80, 81 as particularly illustrated in figure 8, to ensure 
tiie requisite stif&iess. 

10 By contrast, in the exemplary embodiment, the side walls 12, 13 are formed 
from sheet aluminium having thickness of 2 mm to provide the requisite 
degree of resilience. 

In other embodiments, the rib profile may be any suitable shape in order to 
1 5 faciUtate retention of the top member 1 8 within the side walls 12, 1 3 . 

The base member 14 of the carriage unit 11 may be fixed to the side walls 
by any suitable method, such as screws, bolts, welding, or gluing, or may be 
formed as a unitary extruded section. 

20 

With reference to figures 4 and 5, the internal cavity 20 defined by the 
carriage unit is filled with successive layers of fuel cell plates as previously 
described, and overlaid with the top member 18 within a compression jig 
(not shown). The compression jig provides a suitable downward 
25 compressive force in order to compress the resilient seals on the surfaces of 
the plates and downwardly displace the top member 18 so that it enters the 
cavity and engages with the side walls 12, 13. 

In the embodiment of figure 1, the paraUel ribs 16 are provided at regular 
30 intervals down the height of the side walls 12, 13. This feature enables a 
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Standard side of carriage unit to be filled to a desired degree (ie. with the 
requisite number of plates for the required voltage output) and the top plate 
to pass over the requisite number of ribs 16 in a ratchet-and-pawl type 
action, until a correct downward displacement has resulted in the desired 
5 compressive force on the installed plates. At that point, the assembly 10 
may be removed from the jig, the ribs 16, 19 maintaining the correct 
position of the top member 18. The top member 18 is maintained firmly m 
position by the restitutional force of the fiiel cells (in particular the MEAs 
and gaskets) acting on the co-operating ribs 16, 19. 



10 



The depth of the top member 18 (as shown 11 mm in the preferred 
embodiment of figure 8) is preferably not only sufficient to ensure the 
requisite stif&iess, but also to provide sufficient ribs 19 to faciHtate proper 
engagement with the side walls with sufficient retaining force. Preferably, 
15 the depth of the top member 18 is also sufficient to ensure that the top 
member remains orthogonally presented to the side walls during the 
installation process. 

In the embodiment of figures 4 and 5, it will be noted that the ribs 16 only 
20 extend a short distance down the depth of the side walls 12, 13. This 
configuration is adequate where only a predetermined number of plates are 
to be installed. The necessary compaction forces to achieve effective sealing 
and electrical connectivity can be calculated and directly related to stack 
height, thereby allowing accurate detemunation of engagement points for 
25 the ribs. Adjustments in compaction force can be achieved by use of thin 
incompressible shims which act as spacers adjacent to the end plates. 

It will be understood that the ribs 16, 19 may be provided along the entire 
length of the side walls and corresponding edges of the top member, for 
30 maximum contact area between the side walls and top member, or the ribs 
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may be discontinuous at several positions along the length of the side walls 
and corresponding edges of the top member. Altematively, there may be 
provided a discrete number of teeth or other engagement points at respective 
positions along the length of the side walls and top member. 

5 

Preferably, the engagement points are provided at a substantial number of 
places along the side walls so that the restraining force applied to the fuel 
cell plates installed in the cradle is substantially uniform over the entire 
surface area of the plates. 

10 

In the preferred embodiments, the ribs or teeth are formed on intemal walls 
of the side walls. With reference to figure 6, a further configuration of 
compression assembly 60 is shown. In this embodiment, the ribs 16 are 
formed in recesses 65 in the upper ends of the side walls 61, 62, and 
15 corresponding recesses 66 are formed in downwardly extending walls 67, 69 
of the top member 68. In this manner, the top member forms an extension to 
the upper portions of the side walls 61, 62 connecting therewith to form the 
complete closed compression assembly. 

20 It will be appreciated that the side walls ribs 1 6 need not be inwardly facing, 
but could be outwardly facing, where the respective recesses 65, 66 of the 
side walls 61, 62 and top membCT are reversed. 

In an alternative configuration, not shown, the downwardly extending walls 
25 67, 69 could be provided with inwardly extending ribs 66 adapted to engage 
with corresponding teeth 16 formed on outside surfaces of the side walls 61, 
62, 
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The carriage unit 11 may be formed to have any suitable profile. This is 
particularly relevant for taking into account the fuel delivery conduits and 
manifolds, exhaust manifolds and cooling air flow paths. 

5 Figure 3 illustrates a carriage unit 30 having a cuboid profile allowing for a 
relatively tall stack of thin plates. In carriage unit 30, the firont and back face 
of the unit provides open access for the manifold ends of the individual fuel 
cell plates by which fuel is delivered, and the side walls 32, 33 are each of a 
'^windowed" design, having four apertures 37 to allow through-flow of air 
1 0 for provision of oxidant and/or cooling. Only a short "ladder" of teeth 1 6 on 
the side walls 32, 33 are provided corresponding to the teeth 19 extending 
the full depth of the top member 38. 

The apertures in the side walls of the fuel cell assembly may be accorded 
15 any suitable style commraisurate with the required cross-section of air flow 
and material from which flie side walls are formed. Figure 7 shows a further 
exemplary embodiment of side wall 71 having two apertures 42, 73. 

Figures 4 and 5 illustrate a carriage unit 40 having a cuboid profile allowing 
20 for a relatively tall stack of thin plates, having relatively large front and back 
faces providing greater access for the manifold ends of the individual fuel 
cell plates by which both fuel and oxidant and cooling fluids are delivered, 
thereby obviating the requirement for a "windowed" design of side wall. 

25 In the fuel cell compression assranbly of figure 6, the carriage unit 60 
includes location features 63 for hydrogen fuel supply tanks. The carriage 
unit may also include other location features for any other system hardware 
such as fans, filters, electronics, solenoid valves, battaies etc. The carriage 
imit may also provide ducting for the fuel or oxidant fluid flows. 

30 
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The preferred embodiments have been described herein as being formed 
from extruded alrnninium, but generally any materials providing the 
requisite degrees of resilience and stilBBiess according to the component 
being formed can be used. Other examples include plastics materials or 
5 carbon composites. Where the carriage unit is formed from an electrically 
conductive material, some or all of the inside surfaces thaeof may be coated 
with an electrically insulating material to ensure that there is no shorting of 
electrical current across the fiiel cells. 

10 Other embodiments are intentionally within the scope of the accompanying 
claims. 



12 



wo 03/083977 

CLAIMS 



PCT/GB03/01348 



1 . A fuel cell compression assembly, comprising: 

a carriage unit having at least two opposing side walls maintained in 
5 spaced relation by a base member extending therebetween at a lower 
position on the sides, 

the opposing side walls and base member thereby defining a cradle 
for receiving fuel cell plates, 

the opposing side walls each including at least one engagement 
10 member on intemal face for engaging with a top member fomndng the top of 
the carriage unit. 

2. The fuel cell compression assembly of claim 1 wherein each of the 
sides includes a plurality of corresponding engagement members spaced at 

15 intervals down the side walls. 

3. The fuel cell compression assembly of claim 2 wherein the 
engagement members each comprise teeth projecting inwardly towards the 
intemal volume of the carriage unit. 

20 

4. The fuel cell compression assembly of claim 3 in which each of the 
teeth has an asymmetric profile allowing passage of the top member 
thereover in a first direction, but not iu a second direction opposite to the 
first direction. 

25 

5. The fuel cell compression assembly of any preceding claim in which 
the side walls are formed of a material having sufficient resilience to allow a 
top member to be engaged with the carriage unit by passage over and 
temporary displacement of a relevant engagement member. 

30 
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6. The fuel cell compression assembly of claim 2 in which the 
engagement members comprise parallel ribs extending along a substantial 
lateral extent of the side walls. 

5 7. The fuel cell compression assembly of claim 6 in which each of the 
ribs has an asymmetric profile allowing passage of the top member 
thereover in a first direction, but not ia a second direction opposite to the 
first direction. 

10 8. The fuel cell compression assembly of claim 7 in which each of the 
ribs has a profile allowing disengagement of the top member in a direction 
parallel to the axes of the ribs. 

9. The fiiel cell compression assembly of claim 1 ia which each of the 
1 5 side walls includes ventilation apertures therein. 

10. The fuel cell compression assembly of claim 4 or claim 7 in which 
the direction of engagement of the top member to the side walls is 
perpendicular to the plane of the base member. 

20 

1 1 . The fuel cell compression assembly of any preceding claim in which 
the top member includes at least two corresponding engagement members 
for engaging with each of the engagement members on resqpective side walls 
of the carriage imit. 

25 

12. The fuel cell compression assembly of any preceding claim in which 
the engagement members are situated in recesses in the respective side wall. 

13. The fuel cell compression assembly of claim 12 in which the top 
30 member is adapted to be received into the recesses in the side walls. 

14 
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14. The fiiel cell compression assembly of any preceding claim in which 
the carriage unit is fomied from aluminium. 

5 15. The fuel cell compression assembly of any preceding claim in which 
the base member and/or top member are formed as a box-section aluminium 
extrusion. 

16. The fiiel cell compression assembly of any preceding claim further 
10 including location features situated on externals walls thereof for the 

provision of fixel tanks or other system hardware. 

17. A fuel cell compression assembly comprising: 

a carriage unit cradle for receiving a stack of fuel cell plates and for 
1 5 maintaining the plates in substantially overlying relationship; and 

a closure member adapted to close the carriage unit and apply 
pressure to tide plates therein, by automatic locking engagement with tihie 
cradle when the closure member is brought into position with tiie cradle in a 
first direction substantially orthogonal to the plane of the plates. 

20 

18. The fuel cell compression assembly of claim 17 in which retum of the 
closure member in a second direction opposite to the first direction is 
prevented by interlocking teeth provided in the cradle and in the closure 
member. 

25 

19. The fiiel cell compression assembly of claim 18 in which the 
interlocking teeth provide a plurality of automatic locking positions 
sequentially at varying distances along the first direction. 



30 20. A metiiod of forming a fuel cell stack comprising the steps of: 

15 
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providing a carriage unit cradle for receiving a plurality of fuel cell 
plates into a confinement volume therein; 

installing said fuel cell plates into the cradle to form a stack; 

applying a carriage unit closure member to compress the fuel cell 
5 plates in a first direction substantially orthogonal to the plane of the plates 
and to engage the closure member with the cradle; 

the carriage unit providing automatic locking engagement of the 
closiire member and tiie cradle when the closure member has reached an 
appropriate degree of compression of the plates. 

10 

21. The method of claim 20 further including the step of passing through 
a series of successive automatic locking engagement positions between the 
closure membCT and the cradle intermediate the staarting position and the 
final position at which the closure member has reached an appropriate 

15 degree of compression of the plates. 

22. Apparatus substantially as described herein with reference to the 
accompanying drawings. 

20 23. A method of forming a fuel cell stack substantially as described 
herein with reference to the accompanying drawings. 
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